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RESULTS OF AN EXPERI_,E[_'I'A], rNVESTTC;ATION rll_

DETEP3,_IUE SEPARATION C1LARACTI_ISTICS FOR TIlE

ORBITER/7h7 USING A O.O]25-SCAI,E MODE[, (h8-O

kXt318I-1 7h7) IN THE AMES RESEARCH CEI_PER

Ih-FOOT WIND TUNNEL (CA23B)

by

V. Espar za

Rockwell International Space Divi:;i_,r,

AI_,_:TItACT

This report documents aerodkyno]nic sel}artJtit_n _i:tl'Lot)l,:_.irh_d !'rom ,u

w_nd tunnel test of an 0.Ol25-scale SSV Orbiter mode] of a VC70-00OO02

Confi_ratffon and a O.0125-scale 7h7 mode] built by The Boeing Company.

Sep_ation data were obtained at a Mach nm_ber of 0.6 and three in-

cidence angles (i O) of _o, 6 ° ' and 8 ° . The orbiter anf;]e of attacl, w_s

varied from 0 to 14 degrees.

Longitudinal , lateral and no_a] ._ep;_.r_.tlon i rlorement.q were (,l,l.n:[llc'cl

for fixed 7h7 angles of attack of 0 °, co :rod )i ° whi]e varyit,ff, <)rbiter

angle of attack. Control surface settinlU; _n th(, 7]17 (,:Lrri_,r i1_,'lllded

rudder deflections of 0 ° and I0 ° and ht)ri':.,nt,'t] ..;J,:_b[] i;,'._,r deF1_'l,[orr.;

of -I ° and +5 ° .
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NOMENCLATURE

Genera]

YMBO L

Cp

M

P

q

RN/L

V

_o

8

_o

i o

P

A b

b

c.g.

£REF

PLOT

SYMBOl,

CP

MACH

Q( Nm.l )

q(PSF )

RN/L

ALPHAC

ALPHAO

BETA

BETAC

BETAO

PSI

PHIO

PHIC

IORB

BREF

LREF

DEFINITION

speed of sound; m/sec, ft/,_ec

pressure coefficient; (Pi - P_)/q

Mach number; V/a

pressure; N/m , psf

dynamic pressur{'; I/2 pV ?, N/m 2, p::l'

unit Reynolds number; per m, p,_r l't

velocity; m/sec, ft/sec

747 angle of attack, degrees

Orbiter angle of attack, degrees

747 angle of sideslip, degrees

Orbiter angle of sideslip, degrees

angle of yaw, degrees

Orbiter a ng]e of roll, degrees

7h7 angle of ro]], degrees

Orbiter incidence relative to 747 FRL, del[re_.:;

mass density; kg/m 3, s]ugs/ft 3

Reference & C.G. Definitions

base area; m 2 , fit 2

wing span or reference span; m, t't

center of gravity

reference length or wing mean aerody1_ic

chord; m, ft



UOMENCLATUId': ( Cont i r:ued )

SYMBOL

S

PLOT

SYMBOL

SREF

MRP

XMRP

YMRP

ZMRP

DEFINITION

wing area or reference area; m2, fit2

moment reference point

moment reference point on X axis

moment reference point on Y axis

moment reference point on Z axis

SUBSCRIPTS

b

1

s

t
@m

base

local

static conditions

total conditions

free stream

SYMBOL

CN

CA

Cy

CA b

CAr

Cm

PLOT

SYMBOL

CN

CA

CY

CAB

CAF

CLM

Body-Axis System

DEFINITION

normal-force coefficient ; normal force
qS

axial-force coefficient; axial force
qS

side f'orce
side-force coefficient;

q:;

ba=;e-r_)rc._, coc, f['icient; b_Lse l'orce

-Ab (Pb - , _ t

forebody axial force coefficient" CA, - CAb

pitching-moment coeFficienL; pitching moment

qS_HF,I.'

i0



NOMENCLATURE(Continued)

SYMBOL

C n

C£

PLOT

SYMBOL

CLN

CBL

Bod_-Axis System

DEFINITION

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
qSb

C L

C D

Cy

%b

CDf

Cm

Cn

C£

L/D

L/Df

CL

CD

CY

CDB

CDF

CLM

CLN

CSL

L/D

L/DF

Stability-Axis System

lift coefficient;
]ifit

qS

drag coefficient; drag
qS

side-force coefficient;
side force

qS

base-drag coefficient; base drag
qS

forebody drag coefficient; CD - CDb

pitching-moment coefficient; pitchin_ moment

qS£RE F

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
q_

lift-to-drag ratio; CL/C D

lift to forebody drag ratio; CL/CDf

]I



NOMENCLATURE(Continued)

PLOT
SYMBOL SYMBOL

ACL DCL

ACD DCD

DCU 

ACy DCY

AC n DCYN

AC£ DCBL

XZCP

XYCP

_r RUDDER

_e ELEVON

STAB

ORBITER SYMBOL

CPco

CPBI

CPB2

DEFINITION

incremental lift coefficient

incremental drag coefficient

incremental pitching-moment coefficient

incremental side-force coefficlent

incremental yawing-moment coefficient

incr_nental rolling-moment coefficient

longitudinal center of pressure in normal

force plane

lateral center of pressure in side force

plane

747 rudder surface deflection angle,

positive deflection trailing edge

to the left, degrees

Orbiter elevon surface deflection

angle, positive deflection trailing

edge dovn, degrees

747 stabilizer surface deflection

angle, positive deflection trailing

edge down, degrees

PLOT SYMBOL DEFINITION

CPC Orbiter balance cavity pressure

coefficient

CPBI

CPB2

Orbiter tail-cone-off base pressure

coefficient

Orbiter tail-cone-off base pressure

coefficient

12



NOMENCLATURE(Concluded)

ORBITER SYMBOL

CPB3

CpBE

CPsI

CPs2

PLOT SYMBOL

CPB3

CPE3

CPSI

CPS2

DEFINITION

Orbiter tail-cone-off pressure
coe ffi ci ent

Dummy strut pressure coefficient

Pressure coefficient on L.}I. side

of Strut S]

Pressure coefficient on R.l]. ::i,h,

of Strut S1

7h7 SYMBOL

CPcc

CPSB 1

CPsB 2

CPCC

CPSBI

CPSB2

747 sting cavity pressure

coefficient

757 sting base exit pressure

coefficient

747 sting base exit pressure

coefficient

SEPARATION

PARAMETERS

AX

AY

AZ

PLOT

SYMBOL

DX

DY

DZ

Longitudinal displacement, ft.

Lateral dizplacement, ft.

Vertica] displacement, ft.

13



REMARKS

The nominal orbiter elevon deflections tested were 0° and +5° .

actual measuredelevon deflections were as follows:

NOMINAL MEASURED

6e Left e Right

Outboard Inboard Outboard lrd)oard

5° h°59 ' 5°10 ' _°55 ' )_o5_,

The

The zero elevon deflection was not measured since it faired into the

contour of the VC70-000002 orbiter vehicle lines.

The 7h7 carrier nominal horizontal stabilizer settings used in the

test were _u = -i ° and _,= 5° . The actual measured deflections were

_A, = -53' and g_ = +h°h8 ', respectively.



CONFIGURATIONS INVESTIGATED

q%le Orbiter model was a 0.0125 scale representation of the Rockwell

International Space Shuttle Vehicle built to Rockwell lines VC70-000002.

The basic orbiter model is of the blended wing-body design utilizing a

double delta wing (750/450), full span elevens with deVlection capability,

a centerline vertical tail with rudder deflection capability, a canopy,

a body flap and an orbital maneuvering system (OMS) mol,rJted on the :_ft

fuselage sidewalls.

A tail cone fairing used to cover the MPD _,oz_:l_:; :iml OMS no::::]es w:is

tested for a limited ntunber of runs.

The .0125 scale model of the Rockwell International Space Shuttle

Vehicle is constructed primarily of 7075-T6 alwnintun. The orbiter wing

panels are made from 2024-T-851 aluminum while the eleven brackets are

made from ARMCO 17-h PH CRES.

Model Nomenclature

O 1 = B64 Clh FI4 E44 MI8 N9h N92 RIB V23 Wl]6

02 = B6h Clh Flh Ehh M18 N91; N92 Wll6

03 = B6h C14 Flh Ehh MI8 R]8 V2% W]I 6 'reh

04 = B64 CIh FIb Ehh MI8 N92 R]8 V23 W]I6

Component

B6h

Description

Orbiter fuselage per Rockwell lines

VC70-000002, Model Drawing SS-A01377

15



CO?:FYGURATIONS INVESTIGATED - (Continued)

Component

Clh

Ehh

FI4

MI8

N9h

N92

RI8

V23

Wl16

TCh

Description

Orbiter canopy per Rockwell lines

VC70-000002, Mode] Drawing SS-A01377

Orbiter full span, unswept hingeline,

6-inch gapped elevons per Rockwell lines

VC70-000002, Model Drawin6 SS-A01377

Orbiter body flap per Rockwell lines

VC70-000002, Model Drawing SS-AO1377

Orbiter OMS/RCS pods per Rockwell lines

VC70-000002, Model Drawing SS-A01_77

Orbiter main engine nozzles per Rockwell

lines VC70-000002, Model Drawing SS-A01377

Orbiter 0MS engine nozzles per Rockwell

lines VC70-000002, Model Drawing SS-A01377

Orbiter rudder per Rockwe].l lines

VC70-000002, Model Drawing SS-A01377

Orbiter vertical tail per Rockwell lines

VC70-0000O2, Model Drawing SS-A01377

Orbiter double delta win_ per Rockwell

lines VC70-000002, Model Drawing SS-A01377

Orbiter tail cone fairin_ which covers

the MPS nozzles and the 0MS nozzles and base.

The attach hardware utilized in conjunction with separation testing

consisted of several configurations. The faired aft attach hardware

(AT99) was used throughout the duration of the separation test. Incidence

angles of h e , 6 ° , and 8 ° were tested utilizing the faired fiorward attach

hardware AT96, AT97, and AT98.

AT97 was used for iO 6 °, and 8 °.
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CONFIGURATIONS INVESTIGATED - (Continued)

The 0.0125 scale 747 carrier model, fabricated by The Boein_ Company,

utilized 200 sq. ft. stabilizer tip fins, flaps at 0 degrees and stand:_rd

in-flight speed brakes extended. The horizontal tail was capab]e of de-

fleeting +35 ° to -i_ ° in two degree increments (FRP).

The following nomenclature was used to designate model components

for The Boeing Company 0.Ol25-scale 7h7 C&rrier Model:

Component

B27.8

Wh4.1

V9.1

HI5

H15.6

M25

M26

N57

N58

Sl-12

Tlh

S1

Description

Fuselage

Wing

Basic Vertical Tail

Horizontal Tail

Horizontal Tail with Vertical Vir_;

Inboard Nacelle strut_

Outboard Nacelle struts

Inboard Nacelles

Outboard Nacelles

Spoiler panels

Flap Track Fairing

Orbiter support blade st,rut, upper
entry positlon

The configurations investigated.utilizing the components previously

described were as follows:

V
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Configuration

747/1 AT96

747/1 AT97

747/1 AT98

747/1 AT96 02 S1

747/1 AT97 O2 S1

747/1 AT98 02 S1

747/i AT96 03 S1

747/1 AT97 03 S1

747/1 AT98 03 S1

02 SI

03 SI

CONFIGURATIONS INVESTIGATED - (Concluded)

Orbiter Incidence (i o)

4 °

6°

8 °

40

60

8o

_o

o

8 °



INSTRUMENTATION

The orbiter was mounted on the NASA/Ames 1.0 ineh Task MK XIV inter-

nal force balance and the 747 Carrier was mounted on the NA_A/_,es 1.5

inch MK II Internal Force balance.

Pressure instrumentation in the orbiter consisted of a sting cavity

pressure tap (Pco) and a pressure tap (Psi' PS2 ) on each side of strut

S I. When the tail cone (TC h) was removed, three (3) base pressures w,,re

measured_PBl, PB2, and PB3" See figures 26 and 2i.

Pressure instrumentation in the 71_7 carrier consisted of sting cavity

pressure tap (Pcc) and two static pressure taps (PsBI, PSB2 )" These ta!_

locations are shown in figure 2i.

19



TEST FACILITY DESCRIPTION

The Ames l_-Foot Transonic Wind Tunnel was created by extensive mod-

ification of the former Ames 16-Foot High Speed Wind Tunnel. It has an

adjustable, flexible-w_ll nozzle and the test section is slotted on all

four 81des to pennlt transonic testing. The air circuit is closed except

for the air exchanger in a low-speed section of the circuit, which is

controlled to maintain the air temperature within suitable limits.

The air is driven by a three-stage, axial-flow cctpressor powered by

three electric motors mounted in tandem outside the wind tunnel. The

drive system is rated ii0,000 horsepower continuously or 132,000 horse-

power for one hour.

the operating range.

Performance:

Mach n_ber

Pressure, stagnation, atm

Reynolds number, per St

Temperature, stagnation

Dimensions:

Test section height, St

Test section width, f_

The speed of the motors is continuously variable over

0.6 to 1.2, continuously variable

1.0

2.8 x lO6 to x zo6

Controllable over limited ranks by throt-

tling the air exchanger. Generally about
6_0 ° R to avoid condensation of moisture

in the test section

13.50

13.71 at upstream end

13.9_ at downstream end

Test section length, St 33.75

2O



DATA REDUCTION

Model force and moment data were reduced to coefficient form in the

body and stability axes systems. Coefficient data were computed sepa-

rately for each vehicle using its own reference dimensions. Moment data

for each vehicle is reduced about its own reference center of gravity.

Relative separation angles and displacements were computed for the

orbiter with respect to the 7h7 carrier. These values are presented in

the 7h7 body axis system and displacement will represent the movement of

the orbiter aft attachment point from its base position. The orbiter base

position is defined as the orbiter in the mated configuration.

All model positions and attitude data are corrected Cot support hard-

ware deflections.

Reference Dimensions and Constants

747 Model Full

Symbol Definition Scale _5c_l_

S c Wing reference area, ft 2 0.859 5500

b c Wing span, in. 29.351 23h8.011

_c Wing, MAC, in. 4.097 327.7_

MRCX c Moment Ref. Center 7h7 M.S. 16.7h9 1339.90

MRCZ c Moment Ref. Center 7h7 W.L. 2.385 190.75

BMCZ c Balance Moment Center 7h7 M.S. 16.608 1328.64

BMCZ c Balance Moment Center 7h7 W.L. 2.896 231.68
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DATAREDUCTION(Continued)

Orbiter Model Full
Symbol Definition Scale Scale

S O Wing reference area, ft 2 0.h20 2690

b o Wing span, in 11.709 936.68

T o Wing MAC, in. 5.935 h7h.81

M_CX o Moment Ref. Center Orbiter M.S. 13.862 1109

MRCZ O Moment Ref. Center Orbiter W.L. 4.687 375

BMCX o Balance Moment Center Orb. M.S, 13.305 1064

BMCZ O Balance Moment Center Orb. W.L. 5.377 h_O

Incremental force and moment coefficients were calculated for

the orbiter data as follows:

ACORB(747) (747) (ISOL)= C0R B - C0R B

where:

(747)

ACoR B = Proximity increment on orbiter coefficients

COBB (7h7) = Coefficient of orbiter in presence of carrier

CORB(ISOL) = Isolated orbiter coefficient

Incremental force and moment coefficients were also calculated Cot

the carrier as follows:

AC747 (0RB)

where:

AC747 (ORB)

= C7h7 (0RB) - C7h7 (ISOL)

= Proximity increment on carrier coefficients

22



DATAREDUCTION(Concluded)

C747(ORB) = Coefficient of carrier in pre._;enceof orbiter

C747(ISOL) = Isolated carric, r coefficient

Refer to Table VI for a detailed summar.v.
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FUST

TABLE I

TEST COhlDI_ r,. _-11,.,,I._

IDATE:n/1Bn5 .I

MACHNUMBER
(per ft X lO_ )

.3

DY?;A",_iCPRESSURE

2

SIAGNATIOI1 TE',,tPERATUf:E

(_una.,/,o. _ ) (degrees Fa_',renheiI)

•6 3.6 h17 9'2

•5 3.1 315 'TO

126 71

BALANCE UTILIZED:

NF

SF

AF

PM

Rt,1

YM

NASA/ARC 1.0 inch Task ME XIV

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

800 lb.

400 lb.

I00 lb.

250 . in.-Ib.

COM_,IENTS: This balance was used to obtain Orbiter separation data.

BALANCE UTILIZED: _SA/ARC I. 5 inch ME II

NF

SF

AF

PI,_

RIA

Y_A

CAPACITY:

lOOO lb.

_00 lb.

I00 lb.

800 in.-lb.

COEFFICIENT
ACCIJ;!A(_;YT TOL[RAItCE:

C,G_,',_,_ENTS: This balance was used to obtain 7hT Carrier Se;aration data.
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TABLE III (MODEL DTJ,il<H:;IONALDATA)

a. Orbiter Model

MODEL COMPONENT Fcz,".,"- ¢;_.L - B(.I, _ _

GENERAL DESCRIPTION' The bndy Js an elon,,ated structure containing

the Crew Module and Cargo Bay. Same as I_._plus I" TPS.

MODEL SCALE: 0.0125
u_

DRAWING NUMBER VC70-000002, SS-A01377

DIMENSIONS •

Length (X0 = 235 to 1519), In.

Max Width (X0 =1516.8), In.

Max Deplh (Xo = iL63.316), In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectional

Planform

Wetted

Base

FULL SCALE

262.718

:'48.575

5.1365

3AO. 82

MODEL SCALE

Ig.050

3.io7

5.]365

0.053

30



_^J,_BLE iII (Cont':])

a. Orbiter ;<,-,del

MODEL COMPONENT _,,_,,cPY ,o,,,_ .

GENERAL DESCRIPTION : The c_no-_y is that :_art of the for:.,,_rd ht._ela.ge

which covers the Crew _.'odule. One inch TPS thickness on the canopy.

Configuration lltOC.

MODEL SCALE: O.O125

DRAWING NUMBER VC70-OOOO02, _"-,,t]3 ,

DIMENSIONS ' FULL SCALE

Length (Xo=4,35.196 -670.0), In. _2.3A.80

Max Width (XO = 59A.O), In. 195._8

Max Depth

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

Buse

WINDSHIELD PLANES:

.7012 XO - .2552 YO - .6656

.5710 XO - .56Ai YO - .5965

.2636 XO - .756& Y0 - .5965

- o.1789 = OZO '

ZO +32.735& = O

Z0 +189.&O99 = O

MODEL SCALE

2.93S

2.4_}
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_DI_ III (Cont'd)

a. CTbi ter Model

MODEL COMPONENT ' EL_VON - Ex j

GENERAL DESCRIPTION 6.0 In. F.S.._'aps machined into E2, elevon..

Flipper doors, centerbody pieces, and tipseals are not simulated. (Data

are for one side.)

MODEL SCALE: 0.0125

DRAWING NUMBER _ Not availab...],e,

DIMENSIONS

Area - Ft2

FULL SCALE

Span (equivalent), In.,

Inb'd equivalent chard , In.

MODEL SCALE

0.033
J

4.365

Outb'd equivalent chord, In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

ll_.O i.47_

55.19 O.690

At Outb'd equiv, chord

o.2o9 o.

Sweep Back Angles, degrees

Leading Edge

O, AOOA O.&OOh
_m,, L | L . m LW .,

0.00
• L

Trailing Edge - lO.056

Hingeline _ ... 0.00

(Product of area & c_
Area Moment {Nnk_k_X_'_),Ft- 15R7.25

Mean Aerodynamic Chord, In. 90.7

O.O0

- lO.O56

O.OO

0.003

1,13_
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TFJ::+Eill (Cont'd)

a. Orbi t,,rMode |.

MO_EL COMPONENT :
B£'DY f'Ir_P- F[l'

GENERAL DESCRIPTION: The body flan !s a ,_econdary movable ai.rfoil

located at _he aft end cf the b.o.d,y. .

XCDEL SCALE: O.O125

DRAWING NUMBER: VC70-000002

DIKENSIONS:

Area - Ft2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio movable surface chord/

iota] surface chord

At Inb'd equiv, chord o.o

At Outb'd equiv, chord 0,0

Sweep Back Angles, degrees

Leading Edge 0.0

Tailing Edge 9,0

Hingel ir.e Q.o
(Product of Area & c) 3

Area Moment (Mo-a_z,__3d_) ,Ft 916.31

_'ean Aerod}'namic Chord, In. 81.O

FULL-SCALE

].35.75

2AI.33

81,0

S!.O

MODEL SCALE

O,021

3.017 •

1.013

,i.o_

0.0

O.O

_/LD

O.001_

1.013
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TABLEIll (C,_nt'r!)

a. Orbiter _:edel

_,ODEL COMPONENT ' O_:S PODs (OML) - Nl8

GENERAL DESCRIPTION" The C]_.Sood_ are nacelle_ housir,,__ the maneuverin_

engines and are located, on the E_,.,selageon either side of the vertical

tail. Same as ;!.ILplus 1/2" TPS.

t,:ODELSCALE: 0,O125

DRAWING NUMBER v('",owoooo02, VL70-81_3OO1

DIMENSIONS :

Length (Xo=1311 - 1511), In.

Max Width (XO = 3OA), In.

Max Depth (XO = 301_), In.

Fineness Ratio

Area- Ft 2

Max. Cross-Sectional

Planform

Wetted

Baso

FULL SCALE

200.00

135.75

..... 74. _

58.169

MODEL SCALE

o. 93)-

0.009
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%J_[g Ill (Cont'd)
a. Orbiter Mod::!.

..... !,i9 /

GEi[EPJ_L DESCRIF'_ION: The _in Dronuision nozzles are_l_val-bell shaped

and are located on the aft l_lanes of thp orbiter. These dim'n_sions are ex-

ternal and arc not to be scaled for n.]_ume tests.

MODEL SCALE: 0.0125

DRT,L_NG NI_4B_R: VC70-000C02, VLTO-OOS]AA; RSO09169, RSO09107, 13:C15000

DIMJ_SIONS: FULL SC*LE MODEL SCALE

MACH NO.

Length - In.

Gimbal Point to Exit Plane

Throat to Exit Plane
15"7.oo 1.96_

97,914 z. 224

52.290 o. 008

:LL,_5.0 18.063
0.0 0.0

z,43.0 5. 538

IA6R.170 18.352

53.00 0.663

_i;_.--EE6 _,.283

16.O 16.O

0.0 0.0

IO. O i0. o

3.5 1:5_____

Diameter - In.

Exit

Throat

Inlet

Area - ft 2

Exit

Throat

Gimba! Point (Station)

Upper Nozzle

Zo
Yo

In.

Lo-_er Nozzles

X o

_o

Null Position - De d.

Upper Nozzle
Pitch

Y_w

Lo_r Nozzle

_tch

Yaw

35



@AB_ _]!71 (Co'at'd)

a. Orbiter Model

MOD__-'LCOMPOI,_L£TIT: :,:OZZLES - ;3,9._

_.._._Lmr'" DESCRIPTION: The two orbiter maneuvering system nozzles are lavel-bell

shaded and are lor.ated at the aft end of the OMS pods. These dimensions are

.%zterr_l_and are not to be used for T_lume tests.

MODEL SCALE:

D.% ,,EN_ Nq24ELR:

D_._NSIONS:

_CH NO.

o.o12_,

F.,C621OO00_, VC70-0OOOO2_ VLTO-OOS&Qlt Aerojet 1].81900

_WJLL SC__LE MODEl, SCALE

Length - In.

Oimbal Point to Exit Plane

Throat to Exit Plane

Diameter- In.

Exit

Throat

Inlet

Area - ft2

Exit

Throat

Gimbal Point (Station) In.

X

Y

Z

56.00 O. 700

56.00 0.7O0

____ki_.o9___ o.564

ii. 09 O. 139

1518.o 18.975

_2/_l____ _l_Q_O____

A92.0 6,150

Null Position - _g.

Pitch

Yaw

15.82 ° 15.82 °

6.5o 6._o
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_ODEL COMPONENT

GENERAL DESCRIPTION

trailinE edfe c£ the vertical fin that imoarts zaw forces.

data was calculated from the OML master dimensions 7-19-7A.

1,_uz_ IiI (Cant'd)

a. Orbiter model

R[U)DER - PIS

The rudder is a secondary movable airfoil at the

7his dimepsional

MODEL SCALE: 0.0125

DRAWING NUMBER

DIMENSIONS ' FULL SCALE

A,ea = Ft 2 97. l&8

Span (equivalent) , In. 198.616

Inb'd equivalent chord, In.

Outb'd equivalent chord , In.

R_tio mo';ah(e surface chord/
total surface chord

A; !nb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline
(MAC X AREA, Ft3)"

Area Moment I'Nz_*-'__4,x"_)

Mean Aerodynamic Chord, In.

_, 9O. o?

. _0-80

.O.1_00

O. 1_00

.....3&. 833

2_.._?

58h.99

72.260

MODEL SCALE

o.oz5

2.L83

I.126

. 0____=6_/i___

O.AO0

3/,. 833

26.21,9

O. 903
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TABLE III (Cont 'd)

a. Orbiter Model

MODEL C_.'20h_: VERTICAL - V2_ (Outer },[oldLines)

GE_2J_L DESCRIPTION: The vertical tail is double-wedge shaped _nd mou4%ed

dorsally on the aft fuselage. These data correspond to configur_tloo_l&OC.

MODEL SCALE: O. 0125

DRAWING _FGM_R: VC70-000002: mastiff d_mensions.

DT_NSIONS: FDT_L SCALE MODEL SC[LE

TOTAL DATA

Area (Theo) - Ft 2

Planform

Span (Theo) - In.

Aspect Ratio

Rate of Taper

Taper Ratio

Sweep-Back Angles, Degrees.

Leading Edge

Trailing Edge

0.25 Element Line

_13-953 n nA 5

_I __72 3,.%?

] -g?5 1 -_75

_ o_ 507 o_ 5n7 _

o.4o4 o.4o4 ....

45.ooo _5.000
_.25 YC._5
&l.13 41.13

Chords:

_oot (Theo) '_?
Tip (Theo) _

MAC

Fus. Sta. of .25 _C

W.P. of .25 MAC

B.L. of .25 MAC

I08.A7 _]_356

6_ i'.% L
o.o _ ....

Airfo_l Section

Leadir_ Wedge _ngle - Deg.

Trailing Wedge Angle - Deg.

Leading Edge }L%diu_

Void Area 1_. 17
O.002

Blanketed Area ___0.0 0.0.
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•,.it-)....-,........-Qvpr, ,,'r%,'r, W]L_-_,rp:.[_t\!,l1/....

TABLE I!I (ConL'd)

o.. OrbjL_;r Lodel

_,,,_r,- T( ,- _- -" = --.... I_:n_;c_l t.n !Ji7 ' c-:.:ce,_ta]r",'oil thJckn,.,;>'. DJhe'Jra] an,-le i:< a}on_

',.rr, i]in- edge of ,.:i,_Tr. qeor,-tr_c,,t4.._st =,O,

?_ 7'7,}_7L SCALr;: 0.0125
L

n-, t-i_, (-- v_.M ¢- .

DWG. NO. !'77C_-,2_901L.O.}_ -000200

FULL-SCALE MODEl. SCALE

V

_OT,_L. DA"A
_rea _'_'_eo. ) Ft2

!an form

S_an [Theo In.
Aspect qatio
_.ate of Taper
Ta__er Ratio

Dihedral Anole_ , degrees
,n_ _..riceA_cle, degrees

Ae rodynami c Twi st, degrees

Sweea hack Angles, degrees
Leading Edge
T rai I ing Edge
0.25 Elemen% Line

Chord:. :
Root (Theo) B.P.O.0.
Ti_, (Theo) B.P.

Fus, Sta. of .25 MAC
W,P. of .25 MAC
B.L. of .25 MAC

EXPOSED DATA

-- Adea (fne6) Ft 2

Span, (Theo) in. BPIO8

Aspect Ratio
Taper Ratio
Chords

Root BPI08

Tip l.O0 b
P

MAC
Fus. Sta. of ,25 MAC

W.P. of .,_:MAC
B.L, of .25 ,MAC

Airfoil Section (P_ckwell Mod NASA)
XXXX-,64

Root b =
T

Tip b =

Data for (I) of (2) Sides

Leading Edge Cuff

_.o,cin,_ Zdgu [p,_r_e,J_sFus ;4,L, @ Sea

Le_,r_ Edge Iv.tersec_.s Wing @ Sta

39

2a90.O0 _0.420

o/,:,. 68 .l l.e09

_. 2_ _ e. ;.:5
1 .17"7 1 ,77'7

O. 200 0__.,_3_C,0

__ _._c,o _q._._
. O, 5_;Q. O. 5OO

z,5.oo
- ]n.o_S&_ - ,o.L.Q._nS,_

35.209 ,. LL_ aQ.O

r7 _

• _q * J.2 '

2_o,5P _!.A32
i_'_2.!'_ ,..° 277

17 51.50 O. 22/4
:"go .'68 9. 009

2.059 2.050

O.2L,5.... O.2A 5

5_2.09 7.O26

%w. !.72 ,
392.83 A. 910

liB>. 98 ]u £2
2o,, 3Q _3.61'9

253-.77 _3.1,,7

O.113 O. 113
i i

O. 120 O. 120

--,-,., •_ :_ o.0i77
_;oo.o _..f_%2L_5n

,,102&. 0 1 ). PI_C_



MODEL COMPONENT :

GENERAL DESCRIPTION :

TABi_; III (Cont'd)

a. Orbiter 7_odel

,g_._I'[F'l TAI[T,('.O_!r' - TC,

F.airinF mounted on orbiter f,Jsela_e ba:se for

ferry missions configuration.

MgDEL SCALE: 0.0125

DRAWING NUMBER" ; SS-AOIA52

DIMENSIONS : FULL SCALE MODEL SCALE

Length

Max Width

Max _ Height

Fineness Ratio

Area - Ft2

Max. Cross-Sectional

Plan form

Wetted

Base

....  ,3s.76 5.1,z,7 __

3OO.8O 3.76

266./.0 3.33

, i, ,i

662.37

63 5.803

O.0722

0.0993

m

1_0

,,qp°



TABLZ III (Cont'd)

b. Carrier Model

MODEL COMPONENT: ATTACH STRUCTDq_ - AT96

_:-,_._A,DESCRIPTION: Fcm.zrd attach structure between the Orbiter and

Carrier, faired struts, i0 = Ao

MODEL SCALE:

D_%','IINGNO. :

D_,_NS IONS:

io, Incidence angle, deg.

(Orbiter FRL to 7&7 FRL)

Fairing chord, right and left, In.

Fairing T/C

Carrier attach points, In.

O.O125

Boeing Dwg. 7&7-I.D-65&, SS-AOI559-A, -18, -35

Orbiter attach points, In.

FUIJ_ SCALE

h.O

MCfi)VLgCALE

&.O

31.o 0.388

O. 226 O.226

BSTA 689.4 8.617

BWL 372.0 A.650

BL 66.3 O._29

X_ 388.15 _. t_52

Z0 283. ii 3.539

Y 0.0 0.0

BSTA 681.52 8. 519

BWL IJ_JO.& 6.GO 5



T,_[i,!: _:[I (¢e_,t 'd)

b. Carrier Model

MODEL CO_O_ENT: _' _'A_.._H STRUCTUP_: - AT97

GE_._%L D_oCRIP.Iu,: Fom._rd attach structure between the Orbiter and

C_rrier, faired struct, i0 = 6 °

MODEL SCALE:

DRA%_.IE,!GNO. :

DIMENSIONS:

io, Incidence angle, deg.

(Orbiter FRL to 747 FRL)

Fairing chord, right and left, In.

Fairing t/c

Carrier attach points, In.

0.0125

Boeing Pwg 7&7-MD-65&, SS-AO159-3, -ii, -35

FULL SCALE

6.0

Orbiter at£ach point, In.

MODEL SCALE

6.0

31.O 0.388

O. 226 O. 226

BSTA 689.h 8.617

BWL 372.0 h.650

BL 66.3 0.829

XO 388.15 h.852

ZO 283.ll 3. 539

YO O.O O.O

BSTA 68&. 88 8.561

BL'B... 512.72 6.hO9

_2



TABi/_i_i (CouL'd)

_. Carr_ er Model

#/-.r%_-

h ..... .u COMPON-f_:T: ATTACH S'_.UCTURJ_- AT98

_C_'?DAT c,_ D *,t.u_.L,_ DEouRI, TIO:,. For%'ard attach structurc bet_een the Orbiter and

Carrier, faired struts, i0 = 8o

MODEL SCALE:

DRALq_!G NO.:

D_USIONS:

io, Incidence angle, deg.

(Orbiter FRL to 747 FRL)

Fairing chord, right and left, In.

Fairing t/c

Carrier attach points, In.

0.O125

Boeing Owg 747-_9-65_, SS-AO1559-5, -19, -35

FUI7_ SCALE

8.0

Orbiter attach points, In.

31.0

O. 226

BSTA 689.A

BWL 372. O

BL 66.3

Xo 388.15

Zo 283. II

YO O.0

BSTA 689. &

BV,Tu 544.72

MODEl, SCALE

8.0

0.388

O.226

8.617 '

&.65o

O.[%29

&. 852

3. 539

0.0

8.617

6. _o9

h3



T._DLE Ill (Cont'd)

b.. (',arrJerModel

!'ODEL COi,_OWZNT: ATT/CH gTRUCTU'-LE- AT99

$E_._L DF_SCRIPTION: Aft attach structure; b_,t,aeenorbiter and carrier,

same as AT95 _rlth a single fairing covering the main strut and drag strut

on each side, and a fairing on the s_._y brace.

MODEL SCALE:

DPAW_G NO. :

DL_n_NSIONS:

Orbiter attach points, In.

O.O125

Boeing Dwg 7AT-kq)-658, W-II35A-II, -12, $5-AO1559-33, -3$, -35

Main fairing:

Root chord, In.

T/c of root chord

Tip chord, In.

T/c of tip chord

Sway brace:

Cherd, In.

FULL SCAI,F, ¢, T;MOt)H..,CAL..

XO 1317. O 16. A62

YO + 96.51 + 1.206

z , BL 267.5 3.3_$

BS TA 1607. O 20.087

BWL l_O0. O 5.0OO

250.0 3.125

0.o9 0.09

120.0 i.5OO

O.IA 0.i/_

3]..o o.388

O.226 O. 226



TABIT,;Ill (Ccnb'd)

_4ODEL COMPONENT "
b. C-u'rJ.ee i'>.'_'l

B.r)I)y - .q_., o

GENERAL DESCRIPTION : r'od:.: ?L-7 _ r'ojeo.t :.,_ith A_P_V_

MODEL SCAI_: 0.O12 5 XODEL D'.':C:

DRAWING NUMBER ._66_c].3609. 1}IR-_ __

]ji81-1

DIMENSIONS '

Lenglh , In.

Max Width , In.

Max Depth

Fineness Ratio

Area - F%2

Max. Cross-Sectional

Plan form

Wetted

Borg

FULL SCALE

2702.0

9.73

MODEL SCALE

9.7,3 _

O. no2

h5



be

MODEL COMPONENT: _:ING - W44.1

GENERAL DESCRIPTION: Sweot 7L7 wing

TABLE III (Cont'd)

Carrier Model

MODEL SCALE:

DRAWING NO. :

DI]_ENSIONS:

0.O125

65C13609, 1318-&6

Total Data:

Area (Theo.), Ft2

Planform

Span (Theo.), In.

Asnect ratio

Incidence angle, deF_.

Chords, In. :

D_s. sta. of 0.25 MAC

_.P. of 0.25 _AC

MODEL DWG: 1318I-i

FULL SCALE

55OO.OO

23/_8.0

6.96

7.0

327.8

1339.87

190._2

MODEL SCALE

O. 860

29.35

6.96

7.0

&.lO

16.75

2.38

_6



TABLEIII (Cont'd)

b. Carrier Model

MCDELC_._O_rENT:VERTICAL- V9.].

O[_TRALDESCRIPTION:Swept vertical tail

MODELSCALE:

D.RAI_XNGNO.:

DII_NSIONS:

0.O125

65C13609,1318-8

TOTALDATA

Area (Theo), Ft2

Span (Theo), In.

Sweepbackangles, deg., L.E.

Aspect ratio

Chord:

Root (Theo), WP, In.

Tip (Theo), _,_, In.

MeanAerodynamic Chord, In.

Fus. Sta. of 0.25 MAC

W.P. of 0.25 MAC

MODELDWG: 1318I-i

FUI,L SCAIE

630.0

386.5

50.12

1.25

A61.67

157.0

33A.16

2529.6

528.0

MODEL SCALE

0.098

_.830

50.12

]..25

5.77

i.96

h.2o

31.62

6.60

_7



l'_qT!; _!1 (C,:,ntmd)

_'_. (:,:rrb_r E(_de).

_IODEL COI._ONENT: HqRiZOUTAL TAIL - T[i5

G_'2ER._j_- DESC,_I._ _mT._C.,./', Cwc,ot 7A7 horizontal s _,abilizer

MODEL SCALE:

DP_::JI_._'GNO. :

D ,_,_NSIONS:

O.0125

65C13609, 1318-5

Area (Theo.), ft 2

Planform

Span (Theo), In.

Aspect ratio

Chords:

N_C, In.

Fus. Sta. of 0.25 MAC, In.

U.P. of 0.25 MAC, In.

Sweepback an_le of 0.25 MAC, deg.

MF,DFL NO. : 13181-i

FUI,[. SCAK_ MODEL SCAI,E

l&70.0 O. 230

_113.O0 i0.91

3.6 3.6

_1.6 3._o

2563.9 32.05

175.o 2.19

37.5 37.5



TA!3LE 7_T (Cont'd)

b. Carricr [i_dcL

_[ODEL CC-_._OE'_NT: I.F)._[IZOUTALTAIL - H15.6

N_ ,rrp
:..T:..._ALDESCRIPTIO:[: Horizontal tail, HIS, with vertical fins on each

ti_ at body B.L. 429.3

Z,:ODEL SCALE: O.O125 MODEL D'.fG:

DRA:.qq,rG NO.: 65Ci3609, 1318-5, 13].8-70

D I]_T'SIONS:

Fin Exposed Data (one side):

Area = Ft2

Span, In.

Chord, In.

1318I-i

FU],L SCALE

200.0

252.0

i!3.6

I'_.0,!31.;I,,,_.ALl',

O. 0312

3.15

i.I÷2

_9



KODEL COI,_O_NT: I125

GK_RAL DEgCRIPTIO:[-

TABLE lli (Cont'd)

b. Carrier Model

Inboard 7&7, .JT9D nacelle strut

:.:ODEL SCALE:

D_,I'_,[G NO. :

D i_._NS IONS:

0.0125

65C13609, 13].8-60

Wing B.L. of r_celle CL, In.

Cant angle de_., inboard

MODEL DWG: 13181-1

FULL SCALE MODEL SCALE

5.875

2.0

50
_T



!.'.ODFLCOM2ONENT: M26

GEL-ERAL DESCRIPT!O!J:

Strut

TABLE III (Cont'd)

b. Carrier Vodcl

Outboard ?A?, JT9D

MCDEL SCAI_:

DP.A'.'7_NONO. :

DD_NSIONS:

0.0125

65C13609, 1318-60

W L of CL, In.

Cant angle, deE. inboard

MODEl. Di_I_: 1318I-i

FULL SCALE MODEL SCALE

51



MODEL COMPONENT: H57

GEYE_AL DESCR!PTIC][:

through ty_e.

TABLE iII (Cont'd)

b. Carrier _odel

Inboard fan cowl and primary 747 nacelle, flow-

MODEL SCALE: 0.0125

DPAW_:G NO. : 65C13609, 1318-60

MODEL DWG: 13181-1

52



MODEL CO?PO:_NT:

IIODEL DESCRIPTIO_T:

through type.

TABLE I[I (Cont'd)

b. Carrier Mod_l

N58

Outboard fan cowl and primary 7_7 nacelle, flow-

MODEL SCALE: O.O125

DRA;II_'G NO. : 65C136,OC), 1318-60

MODEL D',.,G:13181-1

_V

53



_ac,+_,IIi (Con_'d)

b. Carrier Model

XODEL CO:._O,._,,T:SPOiLEP.5 - SI_12

C_I_P_&L DESCRIPTION: Multi-oanel flight s_oilers. Four outboard and two

inboard snoilers oer side. Subscriot denotes spoiler panel S1 is the most

outboard L.H. panel an./ S12 is most outboard R.H. _ne].

P.ODFL SCALE:

DRAb'_!G NO. :

DI:,_NSIONS:

0.0125

65C13609. 1318-56

(0_ PANEL)

Outboard SI_I+ and $9_12 (Ft 2)

Span (equivalent), In.

Chord, In.

Inboard, $5_6 and $7_ 8 (Ft2)

Span (equivalent), In.

Chord, In.

MODEL DWG: 13181-1

FULL SCALE MODEL SCALE

21.AS O.003&

75.OO O.9_

Al. 28 O.52

35.31 0.0055

9O.O0 i.130

56.52 0.71

5_



,.'.'_'_-',_.j._ CO_?OI_NT: Tl&

G}f]_LkL DESCRIPTI©I!:

TABLE IIl. (Conl;_r_,,o,])

b. Carrier M_.I_.]

Flao track fairings, .four on each side

!.[CDEL SCALE:

DRAWII'G NO. :

O I}_NS IONS:

0.O125

65C13609, 1318-67

h_L of Track No. i, In.

2, In.

3, In.

A, In.

Distance from wing

Trailing edge to:

Track trailing edge, In.

FULL SCA[_

235.3

353.0

585.0

743.6

44.o

MOnEL SCALE

2.95

A.AI

7.31

9.30

0.55

55



TABLE Ill. Concluded.

MODEL COMPONENT : Mounting Strut - Sl

GENERAL DESCRIPTION: Blade strut attachment to orbiter aft upper

fuselage where vertical tail is normally mounted. Strut leading edge

and lower trailing edge conform to the vertical tail planform. Airfoil

section is blunted diamond. The tip of the strut mounts to a sting.

MODEL SCALE: 0.0125

DRAWING NUMBER' Rockwell W-ll335H

DIMENSIONS:

Theoretical intersection of L.E.

with fuselage ML, in.

Xo

Zo

Leading edge sweep angle, deg.

Trailing edge sweep angle, deg.

chord length, in.

maximum thickness, in.

distance from L.E. to maximum

thickness, in.

position of sting _, in. Zo

MODEL SCALE

15.973

6.250

45.0

45.O

2.38

0.52

1.42

12.835

5_



TABLEIV.

CA23BDATASETDESCRIPTION

(INTERPOLATED/INCREMENTEDDATASETS)

DATASET
TYPE

RNHXXX

ANHXXX

BNHXXX

CNHXXX

DNHXXX

ENHXXX

UNH*XX

VNH*XX

ZNH*XX

PNH*XX

TNH*XX

4NH*XX

DESCRIPTION

Stability axis coefficient data for 747 carrier.

Body axis coefficient data for 747 carrier.

Pressure coefficient data for 747 carrier.

Stability axis coefficient data for Orbiter.

Body axis coefficient data for Orbiter.

Pressure coefficient data for Orbiter.

Interpolated data for 747 carrier.

Interpolated data for Orbiter (_c 2nd indep, var.)

Interpolated data for Orbiter (no 2nd indep, var.)

Incremental proximity effects data for 747 carrier.

Incremental proximity effects for Orbiter,,

(_o 2nd indep, vat.)

Incremental proximity effects for Orbiter.

(_c 2nd indep, var.)

0 = IORB interpolation

X = IORB and DX interpolation

Y = IORB and DY interpolation

M = MACH interpolation

5?
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AC 747 (ORB)

TABLE VI.

INCREMENTAL DATA SET SUMMARY

(refer to Data Reduction)

C747 (ORB) C747 (ISOL) ACORB (7h7) C0RB (747)
(ISOL )

CORB

PNH008 UNH008 RNH004 TNHO08 ZNHO08 CNHO43

PNH009 UNHO09 RNHOO4 TNHO09 ZNHO09 CNH0h 3

PNH010 UNHOIO RNH005 TN]{OIO ZNHOIO CNHOh3

PNHXI0 UNHXI0 RNHO05 TN}IX]0 ZNHXI0 CNHOI_ 3

PNHYI0 UNHYI0 RNHO05 TN}{Y]0 ZNHYI0 CNHOIJ 3

PNH011 UNHOII RNHO04 TNHOI] ZNIIOI] CN}|O4

PNH013 UN HO 13 RNHO05 *['Nil()i ._ ZN ]I() 13 CNIl(_)__

PNHXI3 UNHX! 3 RNHO05 TNUX] >', ZN}{X]% (?NU(];a.;
PNHYI 3 UNHYI 3 RNHO05 TNFIY]3 ZNI{YI3 CNIIO43

PNKXl h UNHXI h RNHO05 TNH ×i h ZNHX] h CN}II]I_3

PNHXI 5 UNHXI 5 RNH005 TN IIXI5 ZN|IXI5 CN]I()I;%
PNHXI6 UNHXI6 RNHO05 TNIIX]6 ZNHXI6 CNI1o43

PNHXI7 UNHXI 7 RNHOO5 'I'N}IXI7 ZNHXI7 CNHO43

PNHYI8 UNHYI8 RNHO05 TNHYI8 ZNHYI8 CNIIOh3

PNHYI 9 UNHY 19 RNHO05 TNHYI9 ZNHYI9 CNIIO143
PNH020 UNH020 RNHO05 TNH020 ZNH020 CNH046

PNH021 UNH021 RNHOOh TNH021 ZNH021 CNHO46

PNH022 UNHO22 RNH005 TNH022 ZNH022 CNHOh6

PNH023 UNH023 RNH005 TNH023 ZNH023 CNHOh6

PNH02h UNH024 RNHO04 TNH024 ZNHO24 CNHO46

PNH025 UNH025 RNHOO4 TNH025 ZNH025 CNH046

PNH027 UNN027 RNHO05 TNH027 ZNHO27 CNHO45

PNHX27 UNHX27 RNHO05 TNHX27 ZNHX27 CNHO_ 5

PNHY27 UNHY27 RNHOO5 TNHY27 ZNHY27 CN]IOh5
PNHX28 UNHX28 RNHOO5 TNIIX28 ZNHX28 CNHO45

PNHX29 UNHX29 RNHO05 TNHX20 ZNHX29 CNI_0h5

PNHX30 UNHX30 RNHOO5 TNIIX30 ZNHX30 CNliO_5

PNHX 31 UNHX 31 RNH005 TNHX 3] ZN}{X31 ('NHOll 5

PNHY32 UNHY32 RNH005 TNHY _2 ZN}{Y32 CNtlOh5

PNHY33 UNHY 33 RNH005 TNHY 3 _ ZNHY 33 CNIh J_5

PNHO3h UNH03/4 RNHOO5 TNHO3h ZNIIO3h CNII()h5

PNHX3h UNHX34 RNHOO5 TN]IX%4 ZNHX3h CN11045

PNHY3h UNHY 3h RNHO05 TN}{Y34 ZNHY3h CNH045

PNH035 UNH035 RNHO05 TNH035 ZNHO35 CNII045

PNH036 UNHO36 RNHO05 TNH036 ZNHO 36 CNIIOh5

PNH037 UNH037 RNH004 TNH037 ZNH037 CNH045

PNH038 UNH038 RNHO05 TNH038 ZNH038 CNNOh4

PNH039 UNH039 RNH005 TNH039 ZNH039 CNH043

PNH040 UNHO40 RNHO05 TNHO40 ZNHOhO CNH043

_V
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c. In-flight spoiler configuration

Figure 2. - Continued.
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_o Orbiter base pressure tap ]ocations

Figure 2. - Continued.
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Ce Three-quarter rear view showing aft attach

fairings on 747 with Orbiter separated

Figure B. - Continued.
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